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ABSTRACT 

WC present expcritncntal results of a high efficiency NC-like Fe transient collisional excitation x-ray lam using the COMET 
I5 TW table-top laser system at LLNL. The J>lasma formation, ionization and collisional excitation of the x-tray laser have 
been optimized using two sequential laser pulses: a plasma formation beatn with 5 J energy of 600 JX duration and a pumJ, 
beam with 5 J energy of 1.2 JX duration. Since the observation of s&on, u lasing on the 255 A 312-3s J=O-1 transition of Ne-like 
Fc, WC have achieved high gains of 35 cm-’ and saturation of the x-ray laser. A fi~c-stage traveling wave excitation enhances 
the strongest Fc 3p-3s 255 A lasing lint as well as additional x-ray lines. A careful characterization of the plasma column 
conditions using L-shell sJ,ectroscopy indicates the dcgrce of ionization along the line focus. 
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1 e INTRODUCTION 
The transient collisional excitation (TCE) x-ray lasct- scheme was first J,roposcd by Afanasicv and ShlyaJ,tscv’. This schc’n~ 
relics on a fast pumping source comparable in time nith the relaxation time scales of the excited Icvcls. Transient collisional 
excitation has been dcmonstt-atcd by the USC of a system of two sequential pulses of laser it-radiation”.‘. Using this method it is 
possible to achieve high gain and high cfficicncy in NC-like and Ni-like ion s-ray lasers. -J‘hc TCE creates a transient 
poJ>ulation inversion. which is J,umJ>cd directly ft-om the ground state. Over a short time, collisions redistribute the 
poJ]ulations among all Icvcls finally achieving quasi-steady state. Yet during this time of redistribution a short li\rcd 
inversion on the time of fcmtoscconds to several picoscconds is created, high gain is achicvcd, and x-I-ay Jasing can take 
plXC. 

The first TCE x-ray laser \vas dcmonstratcd by I’.\‘. Nicklcs c/ (I/-‘. Two sequential stages of laser irradiation were USCCJ to 

first prcfotm a plasma antl then second to putnp the ~~Jnsma to x-ray lasing conditions. The first laser pulse Jmforms the 
plasma. The nccdcd ionization is achicvcd. Hovm,cr. the plasma is rclati\.ely cool and the nccdcd clcctron temperature to 
collisionally populate the uJ’JxI- laser lcvcl is not reached. The second shot-t JNISC is delayed to optimize the conditions 
within the plasma for maxiniuni aniJ~lillcation. The shot-t ptlsc, on the order of I Jx, is used to raJ>idly heat the plasma 
creating an clcctron tcniJ>cratttt-c grcatet- than the ttJ,J)cr-laser Jcvcl cscitation enct-gy’, In this way a tt-ansicnt inversion can bc 
crcatcd and high pin conditions achicvcd. lHowc\~cr. high gain lasts only fot- sc\~ct-al J>icoscconds and decay as a result of 
collisional t-cd&t-ibution of the clcctt-on population among all cxcitcd lcvcls, ionization. and ~~Jasma cooling. 

In the follo\ving section \vc dcsct-ibc the csJ>ct-imental setup at the COMET laser J’acility at LLNL and JJrcscnt preliminary 
csJ~crimcnt;tl results and analysis on the Nc-like 1-c T(‘l? s-I-ay laser using a 5-step traveling wave excitation. .fhc ncs( 



section discusses L-slicll spcctroscol7y and I-csults arc‘ slln\v~l invcsti garillg the J~~ISIKI colttnw conditions and Ibllo\ving this 
section wc suniniarizc oLir results. 

2. EXPERliVlEh’TAL RESULTS 

The Nc-Like Fc cxpcrirllcnts nwc pcrformcd on the LLNL COMET laser”. The COMET laser can simultaneously dclivcr on 
tnrgct a long 600 1)s ~m-l~~lsc hcam and a high ponies- short, I IIS, short I,LI~SC. Thccncrgics in both beams at-c 5 .I with each 
bXll11 JlWillg a JillC fOCLlS Of aJ>JlI-OxillKItCly J J IllIll kllgth. .rJlC illtCllSity Of tJlC initial pJasma fOl-IllatiOll hill iS 7 X IO” 
Wicn~’ and it is dofocuscd along the direction of laser pi-opagation. The short pulse, \vllich is used to drive the transient 
collisional excitation x-ray laser. has an intensity of 5 x IO” W/m?. A II-avcling wave optic \vas SC~LIJX which made USC of a 
j-step mil-ror. This broke the wavef~ront into 5 sections each with a temporal delay of 7.7 ps between steps. This gives an 

overall d&y that corresponds to c. 

The expcrimcnts with the COMET laser facility wcrc pcrformcd using a Fe target in order to drive inversion on the Nc-like 
ion 3p-3s J-O- 1 transition at 255 A. Slab targets uJ1 to IO mm in Icngth were irradiated with a 4.S .I 600 ps (I;WH,M) plasma 

foInliIlg J~LIISC and 4.8 J in a 1 ps (FWHM) excitation pulse. The arrival of the short pulse \vas delayed by 1.4 11s pcak-to- 
peak rclativc to the long J~ulse. 

WC pformcd a detailed study of iron to measure the x-ray law gain characteristics. Target lengths varying from 2 nnn to 
9 nm in increments of 1 mm were irradiated by the two laser pulses. Figure 1 shows a single shot spectrum from the on-axis 
spcctromcter for a long 9 mm target. Strong lasing action on the long wavelength 311-3s line at 254.9 A is visible and is many 
orders of magnitude above any other lint. The 3~1-3s .1=0-J 204.5 A lint and the 3d-31, .l=l-1 2X.5 &. lint arc also lahclcd 011 
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In figu~-c 2 tllc intensity W~SLIS Icn~th data is sl~o\vn for the l’c 254.9A Insing lint. The intensity CIII’K ~riscs cxponcntially ~113 
to a Icngth of il 111111 wllcrc its gl-owtll is less cxponcntinl and FIJ~J~KMC~KS lincnr growth. Applyin= 0 the Linfoi-d forinulas to the 
short target Icngtlls 0.2-0.4 cl11 gi\.cs ;I small-signal gain of 38.2 ~111~‘. -rhc dasl~cd lint is to ~~uidc the cvc at lunger target 

lengths. The gain-length product (gL) is -I 5.3 at 0.4 till and is close to satui-ntion ~11~1s a fui-tllcr incrcnsc of 765 iiitcnsity 10 

0.5, cm gives an cffccti\.c gL of 18.5. 



3. L-SIlELL SI’ECTROSCOI’Y 
In OIK~I- to lick-thcr charnctc~-izc the plasma colu1;111 conditions of the Ne-like FL‘ s-I-ny IXL‘I- ;I high-1-csolutiolt, I-D spatially 
resolving spectromctci- was l~lxcd at an nnglc of 45” noi-ntal to a 6 iiim targc‘t nlon~ tlic lint focus. Three Insei- conligiii-ations 
\VCI’C consido~-cd. The Iii-St was using only the Ion?. 600 ps 4.8 .I dcfcKllscd plllsc. Tlic second configui-ation coi-I-csponds to 
tlic s-I-ny laser sctiip in which both long p~llsc and short p~ilsc atim a I .4 ns delay nwc used. The third conliguration was to 
LISC the short pulse only, I ps FWHM and 4.S .I of cncrgy. In ligurc 3 data from the three configurations al-c show. I’inholc 
inmgcs WCI-c taken of the thl-cc Laser configurations. The top pinhole image of the dcfocuscd long pulse sho\~s the wcdgc 
shnpc of the image. The lint out to the right shows the sensitivity of the pinhole image and the spikes in the image al-c a 
rcsnlt of ovcl-lap in intensity due to the scgmcntcd S-step travclin g wave optic. ‘Phcsc intensity hot spots. nhich normally 
would bc cnrrectcd for in the alignment of the traveling wave optic, wcrc used as fiducials for comparing the dispcrscd 
images ti-c~~n the spcctromcter with the pinhole ca~ncra. To the right of the pinhole image is the FSSR spectromctcr L-shell 
data showing the Nc-like 3C and 3D lines. The lint out on the far right shows the intensity of the Ne-like 3C line through the 
ccntcr of the plasma colunm. The pinhole camera data is strongly filtcrcd with 25 pm Be (for the 15 8, wavelength region) 
which tends to over-cmphasizc the contrast in the hot spot regions for the long pulse only laser configuration whel-c the 
overall x-my emission is low. Comparison with the spcctromcter lineout through the Ne-like 3C line shows the hot spots at 
the same position in the lint focus but with an overall more uniform intensity. The spectromctcr lincout gives the more 
accurate rcprcscntation of the plasma line focus unifol-mity for the Ne-like ions for the long pulse only configuration. 

For the long p~~lse and short pulse laser configuration which gives rise to the x-ray laser, the line focus x-ray images arc 
largely defined by the strong plasma heating from the intcnsc short pulse. The short pulse lint focus width is constant along 
the plasma column as is indicated in the image. The pinhole and spectromctcr lincouts are in close agreement. 

The L-shell spectrum is shown in figure 4 for both the long pulse only, on the left, and both the long pulse followed by the 
sl101-t p~ilsc, on the right hand side. The long pulse only L-shell spectra has been corrected for the film response (RAR2497 x- 
my film) and filter response (3OOOw Al + 2pn1 Polypropylcnc). The main features are the Ne-like lines and Na-like satellites. 
The intensity of the x-ray lines is directly comparable with the long pulse and the short pulse data shown on the right hand 
side of figure 4. The energy in the long pulse laser beam is sufficient to ionize the plasma to a NC-like ionization. The FSSR 
spectra for the x-ray laser, long pulse, 600 ps, 4.S 1 followed by the short pulse, 1 ps, 4.S .I after a 1.4 ns delay yields both I:- 
like and 0-like ionization. The F-like lines indicate strong heating for the x-ray laser. WC can see that the addition of the 
short ~LIISC also increases the NC-like line emission. Dctailcd hydrodynamics, atomic kinetics and ray-tracing modeling of the 
x-ray laser plasma conditions arc under way and \\.ill be presented in the near fLiture. 
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3. SUMMARY 
/\I the COME’~ Iasci- facility \vc ha\,c dcnionstralccl high gains of 3S.2 cm-’ and achic\,ccl saturation ioi- the Kc-like i-c 31, to 
.Xs .I = 0 to I Ii-aiisicnt collisional cscitntion s-i-a! laser at 254.9A. -rhc ~~~cli~l~~css of ti-;i\,cling wave puiiiping has been 
clclllonstl~atccl. I~csults l‘l-0111 L-shell s~lcctl-osco~~\ SllO\\~ tl1at the long pl;isni;i pi.cI‘oi-niing pulse achicvcs Nc-like ionization 
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Figure 2. Intensity versus Icngth plot for the NC-like Fc 3p to 3s J = 0 to 1 x-I-ay laser at 254.9 .&. Small-signal gains - 3S.2 cn? ZIIC 
delcrniinctl foor short largct lengths up to 4 mm.  

Pinhole images FSSR spectrometer (I?=150 mm)  



Icvcls. The s-ray la&x plasnin. with the combination of both long pulse and short p~lsc. rcachcs ionization Ic\~ls of I--like 
and o-liltc ITC. 

This work \vas pcrfot-mcd under the auspices of the U. S. Dcpartmcnt of Energy by the LZI\\TWCC L~VCI~~OI-c Nation:rl 
Lnboratory ~~ntlcl- COII~IX~ No. W-7405-EKG-4S. 
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